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Abbreviated subscripts, 542-46 
Acoustic attenuation, 9 
Acoustic beam profile, 514-15 
Acoustic convolver, 449-54 
Acoustic emission transducer, 57 
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Acousto-optic filters, 501-28 
Bragg deflection systems appli- 

cation, 517- 18 
prism coupler, 518 

Bragg diffraction by sound, 

diffraction theory, 513 
Raman-Nath interaction, 

511-17 

513- 14 

convolver , 5 18- 21 
light diffraction by sound, 503- 
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Adaptive Filters (cont.) 
removing phase errors with, 

Wiener filter, 488-95 
481 -82 

pseudo-inverse filter, 491-92 
storage correlator as, 492-95 

Air gap storage correlator, 471- 

Air-backed transducer, 50, 60-66 
Air-gap convolver, 463 
Ambiguity function: 

distributions, 378 
parabolic FM pulse waveforms, 

74 

381 
Amplifiers, 3 
Amplitude-weighted bandpass fil- 

Anisotropic crystals, 588-90 
Anisotropic elastic properties, 3 
Apodization functions, examples 

Apodized transducer, 330-32 
Approximations: 

Born, 305-6 
Fraunhofer , 167- 7 1 
Fresnel, 165, 182 
Kirchhoff, 308-9 
quasistatic, 306-7 

Asymmetric atomic lattice, 17 
Autoconvolution, 453 
Axial spatial frequencies, 172 

ter, 421-26 

of, 389 

B-scan, 222-23 
in medical imaging, 223 

B-scan frequency modulated 
chirp system, 257 

B-scan pulse array system, 259 
B-scan radial sector scan format, 

Bandpass filter, 329-32,415-43 
amplitude-weighted, 421 -26 

triple transitecho, 426 
building-block design tech- 

nique, 427-31 
“comb” response, 436 
phase-weighted transducers, 

recursive comb filter, 436-37 
recursive filter, 432-43 
with feedback, 434-37 
fiber-optic, 439-43 
single-mode fiber, 439 
strip coupler, 416-21 

226,261 

426-27 

Bandpass-bandstop filter, 395 
Bandshape filter, 396 

Bartlett weighting, 389 
Biphase digital code, 324 
Blackmann weighting, 389 
Boltzmann’s constant, 362 
Born approximation, 305-6 
Bragg cell, 293 
Bragg condition, 514-15 
Bragg deflection systems: 

application, 517-18 
prism coupler, 518 

by sound, 511-17 
diffraction theory, 513 
Raman-Nath interaction, 513- 

Bragg diffraction: 

14 

319, 339 

341 

Bucket brigade device (BBD), 

field-effect transistor (ET), 

performance limitation, 342-47 
Bulk elastic modulus, 87 
Buried channel, 350 
Buried layer, 586 

C - m ,  223-25 

225 
in nondestructive testing, 223, 

C-scan transmission system, 224 
Capacitance, zero strain, 32 
Cardiac imaging system, 261 
Charge, rate of movement, 583- 

Charge-coupled device (CCD), 
86 

319,339, 347-52 
burned channel, 350 
metal insulator semiconductor 

(MIS), 347 
split electrode method, 350 

Charge-transfer device (CTD), 
339-59 

339,341-47 

341 

47 

(CCD), 347-52 

bucket brigade devices (BBD), 

field-effect transistor (ET), 

performance limitation, 342- 

charged coupled devices 

buried channel, 350 
metal insulator semiconduc- 

tor (MIS), 347 
split-electrode method, 350 

imperfect charge-transfer effi- 
ciency, 352-56 

single transfer device (STD), 

switched capacitors, 356-58 
fixed pattern noise, 356 

Charge-transfer efficiency, imper- 

Chip, 324 
Chirp transform programmable 

matched filter, 401 
Chirp z transform, 360 
Chirp z transform implementa- 

Chirp-focused systems, 251-58 
Chirp-fccused transmitter system, 

Clamped transducer, 34-35 
Clutter, 341 
Comb filter, 436-37 

356-58 

fect, 352-56 

tion, 399-409 

254 

frequency characteristics, 438- 

frequency response, 437 
fundamental structure, 436 

Compressive receiver, 395 
Computerized axial tomography 

(CAT) scanner, 275 
Confocal scanned microscopy, 198 
Conjugate filter, 325 
Conservation of mass, 5 

in shear waves, 5 
Constitutive relations, 19-20, 

Conversion efficiency, of piezo- 

Convolvers, 448-77 

39 

75-83 

electric transducers, 1 

acoustic, 449-54,464-67 
airgap, 463 
airgap storage correlator, 471- 

74 
charge-coupled device, 467-68 
external mixer, 465 
input correlation mode, 474- 

monolithic storage correlator, 

SAW storage correlator, 469- 

semiconductor, 461-64 
spread spectrum communica- 

tions, 454-59.475-77 
frequency hopping modes, 

458 
range finding, 459 

75 

471-74 

77 

tapped-delay-line correlator, 

waveguide, 459-61 
470-71 
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Correlation filter, 318 
Correla tors, 469-74 

airgap, 471-74 
diode memory, 474 
monolithic, 471-74 
SAW storage, 469-77 
spread spectrum, 456 
t apped-delay-line, 470- 7 1 

Creeping wave concept, 309- 10 
Cross-correlations, 398-99 
Cubic crystal, 545-46 
Curie point, 19 

Deconvolution, of overlapping 

Delay lines: 
distorted pulses, 488 

microwave, 3 
superconductive, 409- 12 
tapped, 470-71 

Delta-function model, 119-22 
Depth of focus, 190-91 

geometrical concepts for, 191- 
94 

Differential current integrator 
(DCI) output amplifier, 
351 

Diffraction: 
Green’s function, 159-63 
spherical waves, 156-58 

Diffusion, of charge, 583 
Digitally coded devices, 322-25 
Dilation, 87 
Dirichlet weighting, 389 
Displacement, 4, 75 
Dolph-Tchebysheff weighting, 

Doppler frequency shift, 368, 

Double-spiral dispersive delay 

389 

372, 527 

line, 412 

Edge-bonded transducer, 272 
Elasticity, 1, 4, 77 

and Hooke’s law, 4 
Elasticity tensor, 544-46 
Electrical impedance, of piezo- 

Electrical input impedance, 32- 

Electrical matching of a loaded 
transducer, 55-61 

Electromagnetic resonator, 154 
Electromechanical transducers, 

electric transducers, 1 

33, 51-53 

compared to piezoelectric 
transducers, 27 

Electronic scanning, 225 
Electrostatic field, 141 
Electrostatic potential, 567 
Energy. 87 
Equation of motion, 4-5 

for solids and fluids, 90-92 
Equivalent circuits: 

lumped, 37 
Mason, 33-35 
Redwood, 35, 41, 50 

by tone burst, 216- 18 
nonuniform, 154-64 
pulsed, 212- 18 

Extensional waves, 14-15 
extensional wave velocity, 88- 

Young’s modulus, 14 

Excitation : 

89 

External feedback loop, 336 

Fabry-Pero interfesometer, 334 
Far-field region (See Fraunhofer 

Far-out sidelobes, causes of, 269 
“Fat zero,” 344 
Ferroelectric materials, 17, 19-20 

zone, 154) 

domains in, 19-20 
poling in, 19 

Fiber-optic coupler, construction 

Fiber-optic recursive filter, 436- 

Field-effect transistor (ET), 341 
Filter weighting, 387-91 

of, 441 

37 

Bartlett, 389 
Blackmann, 389 
Dirichlet, 389 
Dolph-Tchebysheff, 389 
Gaussian, 388 
Hamming, 388-390 
Hanning, 388 
Kaiser, 389 

acousto-optic, 501-28 
adaptive, 480-500 
amplitude-weighted bandpass, 

bandpass, 329-332, 415-43 

Filters: 

421-26 

amplitude weighted, 421-26 
apodized transducer, 330- 32 
building block design tech- 

niques, 427-31 
comb response, 436 
fiber-optic, 439-43 

phase-weighted transducers, 

recursive filter, 432-43 
single-mode fiber, 439 
strip coupler, 416-21 
uniform transducer, 329-30 

bandpass-bandstop, 395 
bandshape, 395 
comb filter, 436-37 
conjugate, 325 
correlation, 318 
FM chirp analog, 332-33 

tation, 399-409 

reduction, 387-91 

with, 391-99 

426- 27 

chirp z transform implemen- 

filter weighting for sidelobe 

Fourier transform operations 

mathematical treatment, 
384-87 

intermediate, 325 
inverse, 319, 360, 482-88 

zero-forcing algorithm, 485- 
86 

matched, 359-83 
ambiguity function, 376-83 
for complex signals, 367-68 
narrowband waveforms, 

pulse compression, 372 
radar system accuracy, 368 
theory, 361-67 
uncertainty relation, 372 
Wiener, 360 

373-76 

notch, 495 
pseudo-inverse, 491-92 
RAC filters, 335-36 
recursive, 432-43 

comb, 436-37 
with feedback, 434 
fiber-optic, 439-43 

switched capacitor, 319 
fiied-pattern noise, 356 

time-delay, 396 
transversal, 117 
weighting for sidelobe reduc- 

tion, 387-91 
Wiener, 360,488-95 

Finger weighting, 328 
Finite exciting sources, 154-312 

diffraction and nonuniform ex- 

focused transducers, 182-210 
lenless acoustic imaging, 218- 

citation, 154 

96 
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Finite exciting sources (cont.) 
plane piston transducers, 164- 

80 
pulsed excitation of trans- 

ducers, 212- 18 
reflection, 300-312 
scattering, 300-312 

Fixed pattern noise, 356 
Flat piston transducer, 182 
Flexural mode, 109 
FM chirp filter (See Frequency 

modulated chirp filter) 
FM chirps (See Frequency-modu- 

lated chirps) 
Focused transducers, 182-212 

3-dB definition, 185 
coherent imaging, 186-87 
depth of focus, 190-91 

geometrical concepts, 191- 
94 

F number, 185 
Gaussian beams, 206-10 

apodization, 209- 10 
incoherent imaging, 186-87 
lens aperture, 185 
paraxial equation, 206- 10 
Rayleigh two-point definition, 

reflection from a planar reflec- 

sidelobes, 185-86 
sparrow two-point definition, 

speckle, 189-90 
spherical, field of, 182-97 
transverse definition, 185 

Focusing systems, acoustic imag- 
ing, 225-29 

Fourier transform, 171-75 

187-88 

tor, 194-96 

189 

Fourier transform convolver, 

Fourier transform output, 468 
Fraunhofer approximation, 167- 

Fraunhofer region, 215 
Fraunhofer zone, 154, 165-67 
Frequency hopping modes, 458 
Frequency modulated cturp ana- 

log filter, 332-33 
Frequency modulated chirp filter, 

chirp z transform implementa- 

466 

71 

383-99 

tion, 399-409 

with a charge-coupled de- 

sliding transform, 408-9 
with superconductive delay 

filter weighting for sidelobe re- 

Blackmann weighting, 389 
Dolph-Tchebysheff weight- 

Gaussian weighting, 388 
Hamming weighting, 388-90 
Hanning weighting, 388 
Kaiser weighting, 389 
rectangular weighting, 388 

Fourier transform operations 

vice, 406-9 

lines, 409- 12 

duction, 387-91 

ing, 389 

with, 391-99 
bandpass-bandstop filter, 395 
bandshape filter, 395 
compressive receiver, 395 
correlation or convolution of 

two signals, 396-99 
nonlinear processing, 399 
spectral whitening, 399 
time-delay filter, 3% 

mathematical treatment, 384- 
87 

main lobe width, 385 
physics of, 386-87 
sidelobes, 385-86 

Frequency-modulated chirps, 319 
Fresnel approximation, 165, 182 
Fresnel length, 508 
Fresnel lenses, 245-51 
Fresnel limit, 166 
Fresnel region, 214-15 
Fresnel ripples, 174 
Fresnel transducer, 228 
Fresnel zone, 154, 165-67 
Frionge field effect, of charge, 

583 

Gases, acoustic constants for, 553 
Gauss theorem, 570 
Gaussian beams, 206-10 
Gaussian taper, 206, 209 
Gaussian weighting, 388 
Goos-Hanchen effect, 149 
Green’s function, 159-63 

Helmholtz’s theorem, 159-60 
Kirchhoff formula, 160-61 
pressure release baffle, 162-63 

Rayleigh-Sommerfeld formula, 

rigid baffle, 162 
Sommerfeld radiation condi- 

transient source, 163 

161-62 

tion, 160 

Guided-wave Bragg diffraction, 
519 

Half-wave resonator, 47 
Hamming taper, 210 
Hamming weighting, 388-90 
Hankel transform, 171-75 
Hanning weighting, 388 
Helmholtz’s theorem, 159-60 
Hermite polynomials, 381 
High-speed scanning, 225 
Hilbert transform, 138 
Holography, 226-27 

acoustic, 279-91 
scanned, 288-91 
Smith and Brenden technique, 

286-88 

sound imaging system, 289 

87,109 
and elasticity, 4 

Holosonics holographic ultra- 

Hooke’s law, 4, 14, 75, 77, 86- 

Ideal fluid, 87-88 
Image reconstruction, 282-85 
Impedances: 

acoustic, 9- 13 
electrical input, 32-33,51-53 

at resonance, 52 
constructional techniques, 

51-52 
input, 12-13 
input impedance, 12- 13 
motional, 36 
motional impedance, 36 
quarter-wave matching sec- 

tions, 12 
radiation, 32 
source, 58-59 
specific acoustic, 9 

Imperfect charge-transfer effi- 
ciency, 352-56 

Impulse model, 326 
Interdigital transducers, 117-30, 

delta-function model, 119-22 
network theory, 123-30 

322-29 
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normal-mode theory, 131-37 
leaky waves, 141-44 
perturbation theory, 137-41 

Intermediate frequency filter, 322 
Inverse filter, 319, 360, 482-88 

zero-forcing algorithm, 485-86 
Isotropic media: 

acoustic wave guides, 104-14 
Lamb waves, 108-9 
shear horizontal modes, 

surface waves, 109-10 

and fluids, 90-92 

106-7 

equations of motion for solids 

interdigital transducers, 117-30 
delta-function model, 119- 

leaky waves, 141-44 
network theory, 123-30 
normal-mode theory, 131-37 
perturbation theory, 137-41 

mathematic formalism, 86-90 
dilation, 87 
energy, 87 
Hooke’s law, 86-87 
ideal fluid, 87 
Lame constants, 86 
Poisson’s ratio, 88-89 
wave velocities, 89-90 
Young’s modulus, 86 

plane wave reflection, 94-105 
incident longitudinal wave, 

plane wave refraction, 100-105 
Rayleigh waves, 110- 14 
waves in, 85-153 

longitudinal waves, 93-94 
shear waves, 94 
wave equation, 92-94 

wedge transducer, 144-52 
experimental results, 150 
finite attenuation, 146-47 
reflected wave, 149 

22 

96-98 

Isotropic solids, 1 

Kaiser weighting, 389 
Kirchhoff approximation, 308-9 
Kirchhoff formula, 160-61 
KLM model, 41-47, 50 

Lamb waves, 105, 108-9 
flexural mode, 109 

Lame constants, 86 
Leaky waves, 141-44 
Least-mean-square (LMS) algo- 

rithm, 492 
Leith-Upatnieks hologram, 280 
Length expander bar, 83 
Lens imaging, 278 
Lens pupil function, 195 
Lensless acoustic imaging, 218- 

96 
A-scan, 220-22 
acoustic holography, 279-91 

acoustic imaging intensity 

holographic reconstruction, 

imaging of vibrating objects, 

scanned holographic imag- 

scanning laser acoustic mi- 

Smith and Brenden tech- 

spherical wave sources, 281- 

detector, 285 

279-85 

294-96 

ing, 288-91 ’ 

croscope (SLAM), 29 l - 94 

nique, 286-88 

82 
amplitude errors, 243-45 
applications, 218-20 

nondestructive testing 
(NDT) field, 219 

B-scan, 222-23 
C-scan, 223-25 
chipfocused systems, 251-58 

basic system, 251-55 
focusing systems, 225-29 

basic imaging theory, 229-45 
elimination of physical len- 

holography, 226-27 
matched filter concepts, 

matched filter theory, 237- 

paraxial approximation, 231 - 

phase-delay focusing, 228-29 
physical lens, 227 
radial sector Scan system, 

range definition, 235-36 
Rayleigh criterion, 234 
sparrow criterion, 235 
time-delay focusing, 227-28 

ses,  226-27 

229-31 

38 

32 

232-34 

Fresnel lenses, 245 - 5 1 
basic system, 245 
phase sampling, 248-51 
sidelobe level, 249-50 
sidelobes, 248- 51 

sidelobes, 238-39 
apodization, 241 
grating lobes, 239-41 

time-delay systems, 275-77 
dynamically focused system, 

grating lobes, 267-71 
range resolution, 266 
sampling lobes, 265-71 
sideiobes, 265-71 
surface acoustic wave imag- 

ing, 272-74 
synthetic aperture imaging 

system, 262,270-74 
transverse definition, 266 
TV display, 265 

tomographic imaging systems, 

Light diffraction by sound, 503-9 
acousto-optic figure of merit, 

Bragg angle, 504 
Bragg interaction, 504 
Fresnel length, 508 
Raman-Nath diffraction, 503 

Raman-Nath theory, 508-9 

Linear passive surface wave de- 

261 

275-77 

505, 505-8 

spots, 507 

limitations, 508- 9 

vices, 322-39 
bandpass filter, 329-32 

apodized transducer, 330-32 
uniform transducer, 329-30 

frequency modulated chirp an- 
alog filter, 332-33 

interdigital transducers, 322- 
29 

25 
digitally coded devices, 322- 

mathematical model, 326-29 
resonators, 334 

Liquid surface imaging system, 

Liquids, material constants for, 

Longitudinal waves, 2, 93 

287 

552 

longitudinal wave velocity, 88- 
89 
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Longitudinal-to-shear wave con- 

Loop output waveform, 457 
Losses: 

verter, 99 

acoustic, 8-9 
loss mechanisms, 9 
Poynting’s theorem, 8 
viscous losses, 8-9 

Lumped equivalent circuit, 37 

Macrobend tapped delay line, 

Mason equivalent circuit, 33-35 
Matched filter, 359-83 

ambiguity function, 376-83 
for complex signals, 367-68 
pulse compression, 366 
radar system accuracy, 368 

inequality proof, 373 
narrowband waveforms, 

uncertainty relation, 372 

440 

373-76 

theory, 361-67 
Wiener filter, 360 

Material displacement, 4, 75 
Maxwell’s equation, 564 
Medical applications: 

of acoustic sound waves, 194, 

focused transducer for, 194 
Metal insulator semiconductor 

(MIS), 347 
Metal-oxide semiconductor 

(MOS), 339 
Method of stationary phase, 179- 

80 
Microwave delay lines, 3 
Military radar systems, 461 
Miller effect, 346 
Monolithic storage correlator, 

Motion tomography, 276 
Motional impedances, 36 
Moving target indicator (MTI) 

radar, 433 
Narrowband waveforms, 373-76 
NAVSTAR global navigation 

system, 459 
Near-field region (See Fresnel 

zone, 154) 
Near-in sidelobes, causes of, 269 
Network theory, 123-30 

crossed-field model, 124-30 
normal mode formalism, 123 

219-20,222 

471-74 

Nondispersive bandpass filter, 
331 

Noninvasive techniques in clinical 
testing, 219 

Nonlinear interaction, between 
surface waves, 321 

Nonpiezoelectric materials, I - 15, 

normal-mode theory, 569-73 
reduced subscript notation, 78- 

soundwaves in, 2-15 

75 - 82 

83 

acoustic impedance, 9-13 . 
acoustic losses, 8-9 
conservation of mass, 4-5 
displacement, 4 
elasticity, 4 
energy, 6-7 
equation of motion, 4-5 
extensional waves, 14-15 
Hooke’s law, 4 
Poynting’s theorem, 7 
propagation constant, 5-6 
shear waves, 13-14 
strain, 4 
stress, 3-4 

tensor notation, 75, 77-78 
Nonuniform excitation, 154-65 

Green’s function, 159-63 
spherical waves, 156-58 

Normal modes, 420 
Normal-made expansion, 571 -73 
Normahode theory, 131-37, 

569-73 
power flow concepts, 133-34 

Normalized line-spread function, 
237 

Notation, 542-46 
reduced subscript, 78-83 
tensor, 75, 77-78 

Notch filter, 495 

Open-circuited transducer, 35 
Orthogonality, 571 
Outward normal, 303 

Paraxial rectilinear system, 232 
Parseval’s theorem, 363,371,377 
Particle displacement, 1 
Perfect plane reflector, 194 
Perturbation theory, 137-41 
Phase-delay focusing, 228-29 
Phase-weighted transducers, 426- 

27 

Photoacoustic microscopy, 205 
Photoelastic effect, in acousto- 

optic filters, 501-3 
Piezo-optic constant of water, 

503 
Piezo-optic effect, in acousto-op- 

tic filters, 501-3 
Piezoelectric ceramics, properties 

Piezoelectric constitutive rela- 

Piezoelectric coupling constant, 

Piezoelectric materials, 1, 17-26, 

constitutive relations, 19-20, 

domains in ferroelectric mate- 

effect of coupling on wave 

of, 554-55 

tions, 19 

1, 21 

75-83 

75-83 

rials, 19-20 

propagation, 21-22 
stiffened elastic content, 21 

electric field in, 17 
energy conservation in, 24-26 
ferroelectric materials, 17, 19 
poling in ferroelectric rnate- 

rials, 19-20 
Curie point, 19 

Po ynting’s theorem, 563- 65 
reduced subscript notation, 78- 

stress-free dielectric constant, 

tensor notation, 75, 77-78 
Piezoelectric tensor, 546-47 
Piezoelectric transducers, 1, 27- 

compared to electromechanical 

electrical input impedance, 51- 

83 

22 

75 

transducers, 27 

53 
at resonance, 52 
constructional techniques, 

51-52 
terminated transducer, 52- 

53 
electrical matching of a loaded 

transducer, 55-61 
impedance of an unloaded 

transducer, 35-41 

37 
lumped equivalent circuits, 

Mason equivalent circuit, 40 
motional impedance, 36 
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KLM model. 41-47, 50 

sponse, 45-47 
effects of reflections on re- 

half-wave resonators, 47 
quarter-wave resonators, 47 

Mason equivalent circuit, 33- 35 
power transfer to transducer, 

radiation impedances, 32 
reduced subscript notation, 78- 

Redwood equivalent circuit, 

Reeder-Wislow design method, 

tensor notation, 77-78 
as a three-port network, 29-33 
transducer acoustically 

53-54 

83 

35, 41, 50 

61 -66 

matched at each end, 56 
acoustic load with electrical 

tuning, 58-59 
acoustic load with source 

impedance, 58- 59 
acoustic load with source 

resistance, 58-59 
air-backed transducer 

matched at output, 56-57 
tuned air-backed transducer, 

untuned air-backed trans- 

untuned transducer, 60 
transducer design examples, 

transducer pulse response with 
’ arbitrary terminations, 47- 

60-61 

ducer, 60-61 

66-70 

50 

60-66 
air-backed transducer, 50, 

unmatched front surface, 50 
transmitting constant, 31 
velocity, 30 
zero strain capacitance, 32 

Piezoelectrically stiffened elastic 

Piston transducer, 175 
PitcWcatch imaging, 273, 275 
Plane piston transducers, 164-82 

diffraction from rectangular 
transducers, 175-80 

fields on axis, 164 
Fourier transform, 171-75 
Fraunhofer approximation, 

content, 21 

167-71 

Fraunhofer zone, 165-67 
Fresnel apprOXimatiOn, 165, 

Fresnel limit, 166 
Fresnel ripples, 174 
Fresnel zone, 165-67 
Hankel transform, 171-75 
paraxial approximation, 165, 

spatial frequency concepts, 

182 

182 

171-75 
Plane wave propagation, 1 
Plane wave reflection, 94- 105 

incident longitudinal wave, 96- 
98 

Plane wave refraction, 100- 105 
PN-coded waveform, 455 
Point spread function (PSF), 201, 

Poisson’s ratio, 88-89 
Power flow per unit area, 7 
Poynting’s theorem, 7, 8, 24-25, 

Pressure release baffle, 162-63 
Principal normal sections, 301 
Prism coupler, 518 
Processing gain, 325 
Propagation of acoustic sound 

acoustic impedances, 9-13 
input impedance, 12-13 
quarter-wave matching sec- 

232 

563, 563-65 

waves, 1-84 

tions, 12 
acoustic losses, 8-9 

loss mechanisms, 9 

conservation of mass, 5 
constitutive relations, 75-83 
in crystalline materials, 2 
displacement, 4 
elasticity, 4 
energy, in a medium, 6-7 
equation of motion, 4-5 
extensional waves, 14- 15 

Young’s modulus, 14 
longitudinal wave, 2 
in nonpiezoelectric materials, 

conservation of mass, 4-5 
displacement of, 4 
equation of motion, 4-5 
Hooke’s law, 4 
Poynting’s theorem, 7 
propagation constant, 5-6 

V~SCOUS lo=, 8-9 

2- 15 

reduced subscript notation, 

sound waves in, 2-15 
tensor notation, 75, 77-78 

one-dimensional theory, 2- 15 
piezoelectric materials, 17- 25, 

constitutive relations, 19-20, 

Curie point, 19 
effect of coupling on wave 

electric field in, 17 
energy conservation in, 24- 

stress-free dielectric con- 

piezoelectric transducers, 27- 

electrical input impedance, 

electrical matching of a 
loaded transducer, 55-61 

impedance of an unloaded 
transducer, 35-41 

KLM model, 41-47, 50 
Mason equivalent circuit, 

power transfer to transducer, 

radiation impedance, 32 
reduced subscript notation, 

Redwood equivalent circuit, 

Reeder-Winslow design 

tensor notation, 77-78 
as a three-port network, 29- 

transmitting constant, 31 
velocity, 30 
zero strain capacitance, 32 

78-83 

75-82 

75-83 

propagation, 21 -22 

26 

stant, 22 

75 

51-53 

33-35 

53-54 

78-83 

35, 41, 50 

method, 61-66 

33 

propagation constant, 5-6 
shear wave, 2, 13-14 
in solids, 1 
strain, 4 
stress, 3-4 
tensor notation, 75-83 

Propagation constant, 5-6 
Proximity-tapped delay line, 412 
Pseudo-inverse filter, 491 -92 
Pseudanoise code, 455 
Pulse compression ratio, 325 
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Pulse response characteristics, of 
piezoelectric transducers, 1 

Pulse-echo system, 483 
Pulsed excitation: 

Fraunhofer region, 215 
Fresnel region, 214-15 
of transducers, 212- 18 
transient response, 213-14 

Quarter-wave resonator, 47 
Quasistatic approximation, 306-7 
Quasistatic theory, 580-82 

for fields inside a sphere, 580- 
82 

Radar range accuracy, 360 
Radial sector scan, 233 
Radial spatial frequencies, 172 
Radiation impedances, 32 
Raman-Nath criterion for water, 

Raman-Nath interaction, 513- 14 
Ray-tracing geometry, 200 
Rayleigh criterion, 234 
Rayleigh scattering limit, 306 
Rayleigh waves, 105, 109, 110- 

509 

14, 117 
detection, 323 
excitation, 323 

by an acoustic microscope 
lens, 203 

Rayleigh root, 113 
velocity, 113- 14 

Rayleigh-Sommerfeld integral, 

Receiver constant, 82 
Rectangular weighting, 388 
Recursive filters: 

comb, 436-37 
with feedback, 434 
fiber-optic, 439-43 

155 

Reduced form, 78 
Reduced subscript notation, 78- 

83 
Redwood equivalent circuit, 35, 

41, 50 
Reeder-Winslow design method, 

Reflection in plane waves, 94- 

Reflective array compressor, 335 
Refraction in plane waves, 94- 

61 -66 

104 

104 

Relative time of arrival determi- 

Resonators, 334 
Rigid baffle, 162 

nation, 401 

Sample-and-hold model, for a 
single transfer device 

SAW devices (See Surface acous- 

Scan imaging: 

(STD), 357 

tic wave devices) 

A-scan, 220-22 
B-scan, 222-23 
C-scan, 223-25 

Scanned holographic imaging. 

Scanning laser acoustic micro- 
scope (SLAM), 291-94 

Scattering: 

288-91 

of acoustic waves, 300-313 
by large objects, 301-3 
general theory, 303-12 
Born approximation, 305-6 
Kirchhoff approximation, 

quasistatic aproximation, 

surface integral formulation, 

volume integral formulation, 

308-9 

306- 7 

304-5 

304- 5 
Rayleigh scattering, 300 
Born approximation, 305-6 
general theory, 303-12 
Kirchhoff approximation, 

quasistatic approximation, 

surface integral formulation, 

volume integral formulation, 

308-9 

306- 7 

303-4 

304-5 
Sct ieren effect, 509- 10 
Schlieren optical system, 509- 10, 

Schwan’s inequality, 363, 366-67 
Self-induced drift, of charge, 583 
Semiconductor convolver, 461- 

Shear horizontal mode, 106-7 
Shear horizontal wave, 100, 105 
Shear modulus, 86 

510, 521 

64 

Shear wave, 2, 13-14, 94 
Shear wave velocity, 88-89 

Sidelobe reduction, 387-91 
Dirichlet weighting, 389 
Dolph-Tchebysheff weighting, 

Gaussian weighting, 388 
Hamming weighting, 388-90 
Kaiser weighting, 389 
rectangular weighting, 388 
triangular weighting, 389 

Single transfer device (STD), 

Single-mode fiber, 439 
Single-pole recursive filter, 434 
Sliding transform, 408-9 
Smith and Brenden holographic 

technique, 286-88 
Snell’s law, 96, 460 
Solids, bulk material constants 

Sound wave propagation, 1-84 
acoustic impedances, 9-13 

input impedance, 12- 13 
quarter-wave matching sec- 

389 

319,339, 356-58 

for, 549-51 

tions, 12 
acoustic losses, 8-9 

loss mechanisms, 9 
viscous losses, 8-9 

conservation of mass, 5 
constitutive relations, 75- 83 
in crystalline materials, 2 
displacement of a material, 4 
energy, 6-7 
equation of motion, 4 
extensional waves, 14-15 

Young’s modulus, 14 
longitudinal wave, 2 
in nonpiezoelectric materials, 

conservation of mass, 4-5 
displacement of, 4 
equation of motion, 4-5 
Hooke’s law, 4 
Poynting’s theorem, 7 
propagation constant, 5-6 
reduced subscript notation, 

sound waves in, 2-15 
tensor notation, 75, 77-78 

one-dimensional theory, 2- 15 
in piezoelectric materials, 17- 

2-15 

78-83 

25, 75-82 . 
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constitutive relations, 19-20, 

Cune point, 19 ' 

effect of coupling on wave 

electric field in, 17 
energy conservation in, 24- 

stress-free dielectric con- 

piezoelectric transducers, 27- 

electrical input impedance, 

electrical matching of a 
loaded transducer, 55-61 

impedance of an unloaded 
transducer, 35-41 

KLM model, 41-47, 50 
Mason equivalent circuit, 

power transfer to transducer, 

radiation impedance, 32 
reduced subscript notation, 

Redwood equivalent circuit, 

Reeder-Winslow design 

tensor notation, 77-78 
as a three-port network, 29- 

transmitting constant, 31 
velocity, 30 
zero strain capacitance, 32 

75-83 

propagation, 21-22 

26 

stant, 22 

75 

51-53 

33-35 

53-54 

78-83 

35, 41, 50 

method, 61-66 

33 

Poynting's theorem, 7, 8 
propagation constant, 5-6 
reduced subscript notation, 78- 

83 
shear waves, 2, 13-14 
in solids, 1 
strain, 4 
stress, 3-4 
tensor notation, 75-83 

Sparrow criterion. 235 
Specific acoustic impedance. 9 
Spectral whitening, 399 
Specular reflection. 310 
Spherical aberrations of lenses. 

Spherical reference waves. 279- 
200 

85 

Spherical waves, 156-58 
liquid medium, 157 
vibrating spheres, 156-57 

Split-gate sampled weighting, 

Split-output electrode convolver, 

Spread-spectrum communica- 
tions, 454-59, 475-77 

frequency hopping modes, 458 
Spread-spectrum correlator, 456 
Square pulse, matched filter for, 

Stationery phase method. 578-79 
Straight-crested wave. 332 
Strain, 1, 4, 75 
Strain tensor, 537-39, 542-44 
Strain vectors, 537-42 

strain tensor, 537-40 
Stress, 1, 3-4, 75 

in a solid, 3-4 
Stress tensor, 540-41, 544 
Stress vectors, 537-42 

equation of motion, 542 
stress tensor, 540-41 

408-9 

464-65 

364- 65 

Stress-free dielectric constant, 22 
Strip coupler, 416-21 
Strip guide mode, 90 
Superconductive delay line, 410 
Superconductive dispersive filter, 

Surface acoustic wave devices, 

Surface acoustic wave excitation, 

413 

319 

134-37 
physical implications, 135 

Surface acoustic wave storage 

Surface integral formulation, 

Surface waves, 109-10 
Switched capacitators, 356-58 

correlator, 469-77 

303-4 

filter, 319 
fixed pattern noise, 356 

Symbolic notation, 542-46 
elasticity tensor, 544-46 
piezoelectric tensor, 546-47 
strain tensor, 542-44 
stress tensor, 544 

Tapped systems, 346-47 
BBD lines, 357-58 
CCD line, 350, 357-58 

Tapped-delay-line correlator. 

Temperature drifts, 456 
Tensor components, 78 
Tensor notation, 77-78 
Tensor quantities. 1 
Te nsors : 

elasticity. 544-46 
piezoelectric, 546-47 
strain, 537-39, 542-44 
stress, 540-41, 544 

470-71 

3-dB points, 180 
Three-port network, transducer 

as, 29-33 
Time-bandwidth product, 325 
Time-delay filter, 396 
Time-delay focusing, 227-28 
Time-delay imaging systems, 

Time-integrating correlator, 521 - 

one-dimensional transforms, 

two-dimensional transforms, 

Tomographic imaging systems, 

dynamically focused system, 

grating lobes, 267-71 
range resolution, 266 
sampling lobes, 265-71 
sidelobes. 265-7 1 
surface acoustic wave imaging, 

synthetic aperture imaging sys- 
tem, 262, 270-74 

transverse definition, 266 
TV display, 265 

261-75 

28 

524-26 

526-28 

275- 77 

261 

272-74 

Total stored energy, 6-7 
Transducer admittance matrix, 

crossed-field model, 574, 577 
in-line model, 574, 577 

Transducer electrical input ad- 
mittance, 128 

Transducer materials, properties 

Transducers: 
acgustic, 3 
acoustic emission, 57 
air-backed, 50, 60-66 
apodized ,330- 32 

574-77 

Of, 557-58 

i 

Index 599 



Transducers (cont.) 
clamped, 34-35 
crossed-field, 83 
design examples, 66-70 
electromechanical, 27 
flat piston, 182 
focused, 182-212 
Fresnel, 228 
interdigital, 117-30, 322-29 
loaded, 55-61 
open-circuited, 35 
phase-weighted, 426- 27 
piezoelectric, 1, 27-75 
plane piston, 164-82 
pulsed excitation of, 212-18 
rectangular, 175-80 
tuned, 60 
tuned air-backed, 60-61 
ultrasonic, 1 
uniform, 329-30 
unloaded, 35-41 
untuned, 60 
untuned air-backed, 60-61 
wedge, 144-52 
zinc oxide, 54 

chirp z transform, 360 
Fourier, 171-75 
Hankel, 171-75 
one-dimensional Bragg, 524- 

sliding, 408-9 
two-dimensional Bragg, 526- 

Transforms: 

26 

28 
Transmitting constant, 31, 82 
Transversal filters, 117, 318-536 

acousto-optic filters, 501-28 
B r a g  deflection systems ap- 

plications, 517- 18 
Bragg diffraction by sound, 

convolver , 5 18- 21 
light diffraction by sound, 

photoelastic effect, 5Q1-3 
piezo-optic effect, 501-3 
Schlieren effect, 509- 10 
time-integrating correlator, 

511-17 

503-9 

521-28 
adaptive filters, 480-500 

additional uses, 497-98 
eliminating an interfering 

signal, 495-98 
inverse filter, 482-88 
notch filter, 495 

removing phase errors with, 

Wiener filter, 488-95 
bandpass filters, 415-43 

amplitude-weighted, 421 -26 
building block design tech- 

“comb” response, 436 
phase-weighted transducers, 

recursive comb filter, 436-37 
single-mode fiber, 439 
strip coupler, 416-21 

481-82 

nique, 427-31 

426-27 

charge-transfer devices (CTD), 
339-59 

(BBD), 339,341-47 

(CCD), 347-52 

bucket brigade device 

charge-coupled devices 

imperfect charge-transfer ef- 

single transfer device (STD) , 

switched capacitors, 356-58 

acoustic, 449-54, 464-67 
airgap, 463 

ficiency, 352-56 

356-58 

convolvers, 448-77 

air-gap storage correlator, 

charge-coupled device, 467- 

external mixer, 465 
input correlation mode, 474- 

monolithic storage correla- 

SAW storage correlator, 

semiconductor, 461 -64 
spread-spectrum communica- 

tions, 454-59, 475-77 
tapped-delay-line correlator , 

waveguide, 459-61 

471-74 

68 

75 

tor, 471-74 

469-77 

470-71 

frequency modulated chirp fil- 

chirp z transform implemen- 

filter weighting for sidelobe 

Fourier transform operations 

linear passive surface wave de- 

ters, 383-99 

tation, 399-409 

reduction, 387-91 

with, 391-99 

vices, 322-39 
bandpass filter, 329-32 

frequency modulated chirp 
analog filter, 332-33 

interdigital transducers, 322- 
29 

reflective array compressor 
(RAC) filters, 335-36 

resonators, 334 
stabilized SAW oscillators, 

336 
matched filters, 359-83 

ambiguity function, 376-83 
for complex signals, 367-68 
pulse compression, 366 
radar system accuracy, 368 
theory, 361-67 
Wiener filter, 360 

Transverse spatial frequencies, 

Triangular weighting, 389 
Triple transit echo, 426 
Tuned air-backed transducer, 60- 

Tuned transducer, 60 

172 

61 

Ultra-high frequency (UHF) de- 
lay lines, 51 

Ultrasonic transducer, 1 
Uncertainty ellipse, 379 
Unmatched front surface, 50 
Untuned air-backed transducer, 

Untuned transducer, 60 
60-61 

Variable delay line, 441 
Vector components, 78 
Vibrating objects, holographic 

imaging, 294-96 
Volume integral formulation, 

304-6 

Waveguide convolve r , 45  9 - 6 1 
Wave guide convolver configura- 

Wave propagation with finite ex- 
tion, 461 

citing sources, 154-317 
A-scan imaging, 220-22 
acoustic holography, 277-96 

imaging of vibrating objects, 

scanning laser acoustic mi- 

acoustic imaging applications, 

amplitude errors, 243-45 
B-scan imaging, 222-23 

294-% 

croscope, 291 - 94 

218-20 
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basic imaging theory, 229-45 
C-scan imaging, 223-25 
chirp-focused systems, 251-77 

synthetic aperture imaging, 

tomographic imaging sys- 
tems, 275-77 

diffraction and nonuniform ex- 
citation, 154-64 

digital sampling, 245-48 . 
field of a focused spherical 

fields on axis, 164 
focused transducers, 182-212 
focusing systems, 225-29 
Fresnel lenses, 245-48 

sidelobes, 248-51 
Gaussian taper, 206- 10 
grating lobes, 239-41 
Green's function, 158-63 
high-speed scanning, 225-29 
lensless acoustic imaging, 218- 

96 
matched fiber concepts, 229- 

31 
plane piston transducers, 164- 

80 
pulsed excitation of trans- 

ducers, 212-18 
radial sector scan system, 232 
radial variation of the field, 

rectangular transducer diffrac- 

reflection by small and large 

scanned acoustic microscope, 

scattering by small and large 

270-74 

transducer, 182 

171-75 

tion, 175-80 

objects, 300-312 

197-206 

objects, 300-312 

sidelobes, 238-39 
spherical waves in a liquid or 

taper, 206-10 

creeping, 309 
devices, 319 
equation, 92-94 
extensional, 14-15 
imaging, 272-74 
incident longitudinal, 96-98 
in isotropic media, 85- 153 

acoustic waveguides, 104- 14 
basic theory, 86-105 
equations of motion for sol- 

interdigital transducers, 117- 

mathematic formalism, 86- 

plane wave reflection and re- 

Rayleigh waves, 110-14 
wave equations, 92-94 
wedge transducers, 144-52 

solid. 156-58 

Wave(s): 

ids and fluids, 90-92 

31 

90 

fraction, 94- 104 

Lamb, 108-9 
leaky, 141-44 
longitudinal, 2, 93-94 
plane, 94- 105 
propagation, 1-84 

in crystalline materials, 2 
in nonpiezoelectric materials, 

in piezoelectric materials, 
2- 15 

17-25,75-82 
Rayleigh, 110-14 
reflected, 149 
scattering of, 300-313 
shear, 2, 13-14, 94, 100, 105 
shear horizontal, 100, 105 

spherical, 156-58 
reference, 279-85 
sources, 281-82 

storage correlator, 469-77 
straight-crested, 332 
surface, 109 - 10 
velocities, 89-90 

Wedge transducer, 144-52 
experimental results, 150 
finite attenuation, 146-47 
reflected wave, 149 

Bartlett, 389 
Blackmann, 389 
Dirichlet, 389 
Dolph-Tchebysheff, 389 
filter, 387-91 
finger, 328 
Gaussian, 388 
Hamming, 388-90 
Hanning, 388 
Kaiser, 389 
rectangular, 388 
triangular, 389 

Weighting functions, properties 
of, 390 

Wiener filter, 488-95 

Weighting: 

pseudo-inverse filter, 491-92 
storage correlator as, 492-95 

Windowing, 388 
Windows, and their Fourier 

transforms, 389 

X-rays, 219, 220 

Young's modulus, 14, 88 

Zero-forcing algorithm, 485-86 
Zero-strain capacitance, 32 
Zinc oxide transducer, 54 
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